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Summary 

Isfiotype (Id) 16/6 marks a variable (V) region structure that occurs frequently in the human 
immunoglobulin repertoire. The basis of the Id has been ttaeed to a germlid* heavy chain gene 
segment, V«18/2 fV.,26}, To pursue the mdecahtt basis for the frequency of Id 16/6, we have 
analysed polymerase dai» reaetioB-genetated Cji, Cy, and V«3 & si V g n hbranes derived 

from the circulating and tonsillar B cells of four normal indn-sJ » » the B cells of 

two patients with active systemic lupus erythematosus (SLE). The frequency of V«18/2 in these 
libraries was compared with three control V« genes, V„56PL V»2i '23, «td V S AS7. Plaque lifts 
from Qf* and Oy V K cDNA iibraries were screened with gene-specific oligonucleotide probes. 
The frequency of V«18/2 ranged from 4 to 10% of plaques (two to five times that of control 
V« genes), (» tnr VI Mih , n iries ' • tnm rearranged UNA, V„18/2 
represented 19-33% of V»3 + plaques. Hybridizing V«18/2 plaques were 98-100% homologous 
to the germitne V„ gene; mutations when present were often in framework 3. Extensive 
variation was seen in the complementarity cfeterrtuning region 3 sequences of these rearranged 
V genes. The high frequency of V„lo72 expression in the B cell repertoire was confirmed by 
sequencing randomly picked J„ * plaques. Ia two patients with active SLE the frequency of use 
of V„lS/2 was not greater than that observed in normal subjects. These results show that 
V„18/2 is avertepresejited in the B cell repertoire of normal subjects and suggest that she 
immune repertoire may be dominated by relatively few V genes 



Id 16/6, an idiotypic marker identified originally in a human 
IgM anti-DNA roAb, has been found in the serum of most 
patient with active SIE, he aland kin 1; 1 rt jflnpus 
1 >< t 1 ' |i, its with certain } sria! infecth 
autoimmune diseases other than SLE, in 10% of monoclonal 
gateroopathtes, and it) normal serum. The Id occurs in a wide 
spectrum of racial md ethnic groups, and B cells from cord 
blood, children, and adults can all produce it (reviewed in 
reference 1), Id 16/6 thu' mails a V egi etui 
occurs in high frequency in the human Ig repertoire. The 
basis fthe £d has be< 1 u d > ges in heavy 3air g m 
a ten en V - led \ ,26 m 1 V, ; f) r i; r >-~i j - 

.;• V„3fe I) !}. \ 18/2 has been localized to a 400. 
kf. regie.! 1 the 3 ;nd * h V„ b« (3) Tht germlin 
g a a mique defining sequ n the 5' regio 

P C ' < ) I '1 n 1 v 

i gion was shos r o >- iize to 1 single 2.0-kl 
1 i. r r >n<.. l>'i ' si) This prob< ha <i nt f<- 1 V 18 2 r 
the gesomii DNA of >98 " «f tested subjects Moretwer, 
ail geKomie clones identified by moderate stringency hybrid- 



ization with the CDR2 probe had an identical sequence (5). 

V„lS/2 is thus highly conserved and its. ig product is 
found m a variety of normal and patholo^- c l,yt • 
test the possibility that V.U8/2 is overrepresettted in B cell 
populations, we studied the fxequetjcy of this gene in the tac- 
p \ V H gene tepertoir wo norma 1 To 

survey the x sed nan \ s~c gener- 
ated \% cDNA libraries from S cells obtained from norma] 
adults in a two-step PGR procedure without B cell selection 
or manipulation. V gene primers are not used in this proce- 

t as allowing ~i • 1 ; all V K famiiw 

(6). The frequency of V„18/2 use was also determined in 
V H 3 femily-specific libraries generated by the PGR of rear- 
ranged Ig DNA from the peripheral bbod of a normal adult, 
a tonsil aid from the blood of two | rient* with SLE is ' 
•'{..•- ■ . > - then libraries was determined by by- 
bridiaation > j < >i> ft il>. E >n - i«< p jbe c 1 

b' 1 ji 1 h ' 1 . * H v v 

\ r f t j be ^ ' ' 1 

and V S! A57, and with V K 21/28 (a member of the V„l 



unity) bet * showed a p nence of peripb sod 
B cctb that had rearranged V«18/2, and suggest that the V* 
gene repertoire of kunan B cells is strongly biased. 

Materials md Methods 

Jg tONA Uimrin. PBMC h&Wd from t*6 normal aduft 
i a i j ( A o i 1 f ' ' i ii h Fi 

e^t« d kern RBS, N i 1 ■ > i j 1 
irried oat before sttraetiot t- R.NA «s a - ^ (D3 coiumn 
i Invurogen, San DiegtJ, CA). Dauble-«randtd , t> 4* i i 
shewed from mRNA according to the method gf Gufekr sad 

1 > i lur i JvpTiriN' f hr fa The 

frtii \ ' fc > pfe expert 

it t 1 t ■ ' t i i i >f PGP 1 1 I j < 

til idi i • 1 } p WS! pi 

! g< is primers attadu 1 • * h ' DN * 

The products were ligated into Ml3ropl9 nsphcaiive (RF) DNA. 
*i < t i£; i t J a u . i if i i i i J 

ma i " ► v , - ► S H !' 

ig gated t 1131 ON 1 s i . 
tote was. uansfonued iotc DH5a taetera to form the cDNA h- 
bmy for screening. The MB plaque; were lifted onto <5eB«sereen 
ir ! «se _> 1 ~ ' v,,., N i « n, MA n 

r ! , n - i t t ed, and ws it I 

ring d i i { i Bin ""'j i a 1 

, obes view stripped from the membranes before tetybrid«atio«t. 

1 » ib' J i u wbeid t i i j l> 
o%oj 1 1 1 rob Hn fo pn d -labeled by T4 pel 

udeotidt J } - i ting i Mi 

if b* n s t t t 

33 orb 3 (fo region:. «f t V,l and V„3 me J tt 
i ~>\ f= -i i i • i , „ r S - ' ' - 
\ < 1 - ? »<, i I{0% In. Ufo^n 

ilie. Of« i 1 > j , K > 1 » < t ie lii i 

111,-! fe, wit f- 1 t - k i, f - 1 

net ' ' r]^ > ! i ' i 

> d on NHNSOR.B n J 1 . t 
New Etglji-.tl Kjiiiiafj. fxo cwii dsf.iika M-.ib,-i>i hybrieHaing 
plaques were picked for sequencing by chain teminsu<ws vy.th 
dideo. cteosi rip! ! ' seojse (Ud>. Bi 

Clm -1) T c j. j 1 rl 

ished ' i > 15 i 

PAS K pr«5g» » * 1 1 ' ■ * ' ' p*< < g< (10) 

j fem Ubu DKA was e ted horn 

• i I H»i 'i (i u> i tinn , 1j u 

fated in eih*f. t PC P us t hottsoa was earned om wing i V,,3 

r , , rf< <:tagaa< g rm>G< 

fG/vG .a a. f» pricier {GGGAAI'TC! 

TGAC >. ' i < • !- f 

strktioa sites to iaedttaie cfontee. The eoj)i£tio«s wee a 5-!5W! 

i 11. * ,i ' » 

oils, and for 1.5 msti for 4'j . 1 ^ w rh ,a l0-n;m \^ i 
«t 72»C to Stsith. The resulting hand w u» low nwhi k 
i tr t u I f ! 

i « j ( ii il 1 ril 

Results 

i t «t , i i 'i i« ' i i " n i sen i 

bndization o{ V n I8/2 aadcontnd jjrobes was det.ertttined iu 

4. -.. • .. -3 in this i ', 'i . . " k 3 




ptxformtd swag » Slt-s» twto 



l* p{ B re crated Ig p d 1 '<: ck i «w included 
V«56pJ j ^* * t> iiemher fouad nittal!) i etal liver 
B relk \ 3 .i > ltd , \ ' I lember fbuns 
in autoannh ' i i :i d V..AS", *i kh nost. KbJ) i 
MMnaricallv mutawd variant o; V3LS/2 (4). The spedficitv 
of the oiigonuc eotidt probes tor the VjS/2 and V ,< 

i if t 1 it *}. These 

exjjerim-ents showed that an oligonucleotide probe cents- 
pkmctttary to the 5' cixd of the i DR2 l\* * Z hybrid 
ized to a single 2.0-kb band ots a Southern blot of digested 
genoii cDNA Sequence at h s ha; onbimef 'bain It 3 
ization tdenti&es a single germline V» gene (4'}. The present 
-speriments >afirrn» fc •ccifec of the V K lS/2 prob 
wbsfo; ' gb nget urn < ohqitt vitb 
97~i00% homology to V fc 18 ! I< » ' j i 

vnth mi iatk f b< >, ilym *■ "- h "i foi*. 
arsd CDR2 of V t .2i/28, had a similar high ipedfidty (D, 
1 istei pubtwhed data go»u f t» p I < 

t v >6p3 nd V I( A3 n I > > - . their " 

CDR t > 'i " igo cleoti ei lapped to t 
t ts. de« d gonucl « r> > «'< and Hb 
H) \t lug . - , tfc M10 at»d H61 identify the two 

bands on 'Ikj!- digested DNA that cootatn the V,,36pl 
genniice gene (hv30i>5) and the highly related GLSJ2 geroi- 
line gene {13, 14). This area abo shares identity with the closely 
f independent gernshne gene V«l,9ni (13), in fact, 
t 56 bp itcie.Jtk u fo vhen hj 

s i f s t \ lit to a 

Southern blot of PstJ-digesttd granulocyte DNA fan twrstiai 
1 ktmatedtb!) »' k ' nd 5.2 kb. (not ■shown) 
i k i riiki ty of the V H 56p1 on - 1 i 
> ' kc'iy t ' ii le ffirquet 1 expression 
t i t i ii b i i lge wasl 

/ ut ide-t t - ret 3 pi ' of S 3 1 

In ^ i t > * } . 

"f e^fosn identified ! he ulig 1 ' . 

< I ,< < High Fn ' i form u 
IgM cDNA libraries were generated from the PBL of two 
«si in bv-i ii \(i Tp 15} IT * - tat r libra j 
Mfts were screessed with a consensns j« probe, conserved 
» > r«»h<. v »d and V I probes, and, at high stringency. 
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! h <h 1 2 >pK and V H A5 

us codecs >rt«cnecs between the two m&vtduak were 
ootedtltble l|.tK^ H H ^< 1 - M% Mj 

$ue i t > W - ! f • , v fjW (Fig. J) (33 

2 " >' it \ 1 [ i t ■ <\ j- t (. 8> opals 
5a both subject-- -mb 2% of all J« plaq > i c 
the V.56pl or V«21/28 probes. The V»A57 probe did not 
> - 1 my plaques £rot& ' I. The h»g 

frequency of *pressio .' i a A# was confirmed in 
a duplicate lgM Ubmy generated fern the sam« slatting 
mRNA sample (Afs.B). in which 10% of J» + plaques also 
if 1 < t i«, j r c houg ( m 1 , 
n"k ->f th« V,,1 family persi ted n this d p-Bcase library 

! ft ( r- f V«i« reman tarn, th 

quencv of V H 3 hybrid K •> 1 . 

V 1 • - > 5 < - >< < - t rand pick, 

< i t .n Aji 3 t \l f . r - J that 2( 1 1 
29% of clones in the respective libraries belong to the V,i3 
ram . I jis int t uon - uggesi* that she observed differ- 
etreea in V family d n r reflect. \ iaci« to in b bri i- 
iz&tion conditions rather thsm a P€R-i»duced amplification 



bias. 2 of 23 dorm, m which tail V„ sequences were ob- 

c - " e ..'1-.* "i 

<A#2) was gei tsi ' 1 ' tJ stamen di ic • 1 tftei « it - 
terva 1m n 1 » 8 f j tybt ' 

to she V„13/2 probe, demonstrating stability of the cwrer- 



tepre 



N f < t I i } C i 

,1 n wtrated 5 it, h bat disthi t< DR3 sequ< « wiwig 
out clrtx deptkatton sec ry t i J « P 12 v - „ 1 
bnduiug plaque from sheseCii Hhtaries were scqtieuced at 
least daioxigh CDR.1 (three &ora A^., eight from A^.B, and 

i * n g. 3). All 1 s have an oj 1 

f^mie (Fig. 4). I.ifrle rniitwkm ws< fo"«>;i in the V„ t^giow 
Three sequenced done* feoro Aft (AL1.1. AL1.2, Ait 3} had 
i. 19, and 3 mutations i» Fr3 and one silent mutation in 

D.R. cr * t 1 i*j y wdlyrlaa 

otiJ} vt t htclot id any s t . i 1 tl 
siou all tliret raatatioi ri 1 ! f, - . 

sequenced done ftora. Tjt had five mutations, four in Fr3, 
and owe in CDR2. 
Although ¥ H 18/2 is highly comcmd in the gcrmSiise. 




DM. rl ' , - ' > X « 11 1 1" , 1 ' - ) - " ^ * > 1 

nf I ( 1 i-i tl u t - 1 t . t " x piiuvn 



# 

- w tun R-S -h, represcr 



4J1 Stewart M al- 



TAK. Iwid ^ s F!> 1. - f 

Zf, tin C.DR.1 S! k3 



rn.EMBt'G™3 



xmn. 



>i all mettsber the V family haw u .t i" f 1 
we were thus unable t« conclude "4 eiU « > t.b tj « I 
served vsmti i V„1» ! at u3 <d due to (onatftfc 

m t f berefo R primers spanning egion of mi* 
were used to ai > 



lymphoid DNA. The absence of an araplifiabie product tap- 
ported the probability that she observed base differences were 
4 i 23 muta- 

Hons documented in all 12 sequenced V«lS/2 clones (A/t, 

f ! t i 1 j 1 i i r [ ji t 



.11' ?^r4-"i - r t LD " ^-ii 



5 TSGE 



Figur* 4 Pte* isi . i J 
]»e«c< t I VxtS/2 

I -f • 3t; t«g parses 
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Figure 3, NweteoM<fe*e^«em;fs 

o fr CfJ ■« i t s ■) tht j 

, US " fV H*ii «k' pli^art is 4 
! own gfunltm: 
gene s-sgm-CEts jrs sIhjwr id 'tali 
Fype, rmrtstsofis S» plain type. Th«c 
sesjWHSS daia are wsilsblc fcsm 
T MI G« BSS> ODB] 1 tr„ 
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TMe 2. Present? - mk k Hy b attbtt toVJ 

««st*j5»« Tm*o Patterns with Aawe SLE u«i WgkTw* 
Ami-BNA Antibodies 
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34 (IS) 


27(15) 
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22 (2:6) 
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5 (6 ) 


LG 


140 
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to-silent rado of 13. Although PGR error may also introduce 

r-h i 3-f vort iicated that no ti t L * 

1 base in 3Ufi ts • ^incorporated (15). 

In 7 of II sequenced VJ8/2 genes, 100%' identity to 
known D gent scgm.< : s i tratsd over ^-22 

bases in length (Kg. 5). The D gene frroilie* DXP (five doses) 
,< - V R "hi ec Ja« wwted for H of ti " t j cc » j 
clones, a fori g ■. • ■ errepresentatioa of these 
gene families in normal subjects (15~I7). The j tl 4 gene is alio 
r.t '. re ltd >xh !^>rrnal cp'to -( M7j j\ : 5-. < j J 

7 of the ti V«18/2 clones described here. 

K»iS/5 ft Found Ht£& Fluency in V^speajk 
Libmrtto. h xte%tvm tht tb i t J'^ j <*d. 

from the lymphocyte 
I>NA of one adult (AKS) and bom a toraillcctomv sample 
.(VAR). As sees its. fable 2, 19 and 28% of all. V H 3 ' plaques 
in the two libraries hybridized to the V«l8/2 CDR2 probe. 
The V„56P1 probe Hybridized to 15% of the V** plagues 



in each library, Random!)- sequenced plaques demonstrated 
that these libraries constated of independent clones. 12 plaques 
7it I ed a! and* m ii >i i AKS si ere «j i«a « s thr. us?h { I)K 3 
(Table 3) 3 of the 12 shared 97.4, 99 and -"<r r ^equeace 
identity with ¥„ig/2. Three (ks.5, U6. b.17) shared 
>98% homology with a V s ,3 farafly member (N54P3) 
found in cord Mood (18), two clones (ks.9, ks.19) shared 
>97% with the fetal eDNA clone M26, and 1 of the 12: 
(ks.16) hat 98«*i denti - i Oof re mged 

V>. genes found so adult B cells appear to derive from the 
so-called "fetal repertoire" of V« genes, 

VjMiinSLB I » . , , , ai,, is j le majot 

deteimit ns >! » i f th Id fluctuate with 

disease actiyi SLEsnt i be detected the character- 
ise: skin and renal le; mt fthisdisea (19, 20) We ther< 
fote predicted that , at least in some patients with active dis- 
ease, V..18.-2 would be found .n a frequency ■ gfeer than that 
observed in normal a do % \ t tthi pothesi , DNAes- 
j from th 1 >t L • i with hig e 
anti-DMA antibodies (LG and JAV) was PGR amplified with 
V K 3-sped£e primers, and packaged in MI3 as described 
above. Hybridizanon vai^x revealed that in patient |AV 20% 
of V„3 clones hybrids ?ed to V..18/2. and 6% of V,3 clones 
to V„5$P1, uurnbers cox pt wit he* ^nd in normal 
indH iual Tabic 2> In patient U 1 >, however, no V S: 18/2 
»- I on hybridization, fa ' > j v\ of this pa- 
tient's seiun failed to defert Id 16. (' Gi ; teUNA 
from patient LG was amplified with a V«3 Frj and a V«3 
teadct ii ' h t t r Mi t r uct hybridi?«d 
at high stringency to the V*t8/2 5' CDR2 probe, a finding 
that impln s that tht. patient ha copy of V H 18.'2 

U t * < pfn tj t r f ^ p I population 

PttS/i « ' I . x rj ets As the pathogenic au- 
toantihodfes in SIT arc 'high-tSteti higb-ammty IgG antiixKlies, 



Tafek 3. Result! of Sememe AtwtpU Randomly (Hiked V K 3 DMA Oom from a NW AM (AKS) 
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iitr it Til Li Hwl «. c f 

A,-i ra<i V? ife srie - i f n tfcs same subject i « spa t 



« were interested in the frequency of use and mutation of 
V»tt/2 in the igG population, of normal Conor!,. An IgG- 
spedfie cDNA library was amplified to include all V„ fami- 
lies (A-v). Hvteidi atktt resu! ifron this library revealed 4S 
V B 18 2 plaques {7% ot Vk3 and 4% of all $,) (Table 1). 
Foar V.18/2 by i - < a»d were 

let t i I < ' J1 1 > \ i'< fhv if? yh d»2 ' t 
data, randym'v picked J„* ['1 wire K sequenced. 3 

f30 it bdpl f eperidenf ODR3 s 

mews were 'Jm 99, m. 1<>0 

least through CDRl (not shown). The frequency of VxfS/2 

. 1 , tj j, I tt I by m»dow n«» tt 
fore at least 7% of |,» in this C7 library. 



Biscassion 

.Although 100- ■ ' ! i be seen On Southern blot 

analysis of human DNA hybridized with V» family- vpcrifcc 
probes, the exact number of fun t it <' \ genes available for 
rearrangement is unknown (21). The finding of recurrent ra- 
( d V H gCiJCS (!) B uisgtuf t 2 ' h f 0 

cells (11, 23), awl w t. i iced by adults (24) 

t v tf ; ome it ividi \\ V* ;ne «gme t arc pr 1 
- pr t r nisf $ action or alternatively that the t amber of 

3\ ! r V Dj 1 - « 

may be lower than expected (25). 

The geroilit t r tlx rgest \ 

imily (\ < v < t - j 1 % z < 

. r u\'> let the basis (m j 1 ogy to a murine V„ gene 
probe (26) Subseqi nt 5 f. n identified with sur- 

isinst 1 - ' t liver B cells {10 21} am.:-I>NA 

f t 1 . i , t 

i • »ti ra " ith hemopt t Ji i). H - st " tc< hi 

' -> e e *» 1 f V, l- 2 < > -pr , ' h 1 P 1 1 

m hithert un* iv> « S e^itrep.ev-nH 

tkm of this genr m patbdh - .' :■ wm difficult. 



The V„18/2 gene segmeat is desioiistrated hens to be 

. " i- ed m th ^ 1 ; > 1 h J > e 1 

of aertaai itidhwiaaU, with 4-40% of all J K * pkques and 
12-33% of all V„3 f p%tes hyhrididng to a V H I8./2- 
spedfk probe {Pig. 6). Thus, although the V»3 family is es- 
rimatsd to contain 3 !.••'. s ne«*e , ibtgle V, s geite ac- 
couBt iot op to 25% of r t ibe.es of dbsfamil 

Moreover, rk-. , ^ 1 > ■ - «i tuitkrestitsace. 

ie 1 1 i ' the high-sti 1 , 

conditions used to « 1 i titsi mutant rari- 

aatsirtCDR2 fhe c . • -A reaiTTOgerownt of aaoiher 

cvtmnn V«,s 1 i( i 1 1 n 

posts (Vk%"U, wm» c/Jh* and 6-15% of plaques. 
As a further compatison. Vu21'28, a member of the large 
V«l family, a ^ I , ptaqoes 1 6-;°' J 

of all V„1 pU.)u.-< rhtts, dthough V„18 2 pcedosimatcs, 
ail of the studied V x genes are tearrsnged at a higher than 
ejtp«cte<l fret > s f 100 functional 

V« genes. 

Examples of other V gene sequences identified at high fre- 
quency in m ra - u .1 .udude the \'A *ati tU 
member V«4.21 {31). the V„l family member V*Slpl (32) 
the Vk gene humh 25 (33 -»i tlf I> ^ene icgnetit Dt>5 
{15-17), wid the J„ geae J«4 (13-17). V^lpl and Vh4,2i 
s e been identii Si it p« list li f na 
2 and 3% of tonsillar .H celk, and V„4.21 in 10% oi ham 
marrow B cells {31, 32). V«6 and the recently described VJ 
gene segment Slave beer fou I freq ii'to- in fetal {11, 

23} and cord blood 8 el - to of all csi- 

cutatbg B cells in one to • 1 1 - ■ - It is iik«Jy that 
other examples of V„ genes found at high frequency h> 

t » « ^1 t- si t r r t 
h therefote possible that the expressed tepertoire of human 
V genes will ultimately pro* to represent only a fracdos 
' . p we itiafly a ail bit gerrnl t 

A nutabet of reasons have been proposed for the ovet- 
reprwentattc" o! . J ' n fet er, au- 

toantibodies, B cell maligtsancy. and now in normal individ- 
uals. These relate to chrorr. - i the number 
of gene coptts t mline (36), |»ef iLiim] rearrange* 
meat oa the ground* of unique xeeombinase a-ccessibility or 
r t g lib » scquenct t preset t gene-spedbc pron 
tib tut «qucti > uti nn^hsbaMs 
of antigen binding or id specificities (38). 

A gene product may be found at higher than predicted 
frequency tf more than ^'^ ) > 1 te germhnfl In 

tact, there are probably two - )pi s < 1 V»18 2 m the germ- 
ine (5) and this nay pattiaflj n its preponderance m 
the repenoife. f^owevet, as our V,.56p{ probe recogtiwes at 
1 j \ dy related yet independent gt ' 
(13, 14 t^t. pfedomtitatict of V K 1S 2 owi \ ,5tpl fam! 
related genes) in this study i pi f factors other than mul- 

V„ IS/ 2 is high 1 (served and it o< ng region is not 

polyosorpbt. {S . 2 may as prefer- 

etiiiai!) selected beeauS' o> <i it," itiding of dioiypic 

properties of it - } 1 lias 3 sequence ttt 

Fr3 that is h 5 t 1 «t and vh 'thin the 
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V„3 family, but that differs from other families (37}. Tfeis. 
seqaeaee may encode a unique antigen binding site in the 
protein prod , 
binding sites. Of interest, the consensus sequence from all 
! ers i lenrical to the V„18/2 

••«> th > region k is therefore notable that 9 of 11 
> ! uao acid bs tution v i m tbi tud were 

in Fr3 Pigs 4 and 3} Peri .<--.-•■ - lead on the 
1 asis , * this highl} conserved potential antigen binding site. 
**re< den for this h pot esis 'J demon i ted r < 
it: v t i v * » 3 i >hoej ■> 1 i i ■ j , ini 
is detenu t \ fan ily-dej I nt Is i> ■ 

Idlb bun i . rum t c j it 
with active SLE and its levels fluctuate with disease activity, 
we expected to find an excess > f 1 i ! ; n some pa- 

tten ts v. E III t n i 6 

fromj-rc DMA of pati« & vith active lupus, V«tt/2 
was found to be rearranged in 20% of V (f 3* clones, a fre- 
j cue ssmilar to that ©f normal individuals. In a second pa- 
nt (IG a patten .-<.j p n at r " t ble Id in the serum, no 
VhW/2 »as identified by byh~ t>/r :'CR analysis 

tient »p an to have a py of V„l8/2 in the germ 
line, and the absence of rejr g 
remains unexplained. 

th I t i 1 1 t t i s i u a 

fei y of use of V H 18/2 cannot explain 

! If i J i " f Id 16/6 patk vith at ! 
Our observation could be explained f other V„ genes con - 
tribute to the U (2), ti activath 

8 ? rearrangement results n the release of 
th* Id ma the serum, or if plasma ceBs producing id 16/6 
re '^-it ten 1 ' om the circulation 
\ possibility < t vfousl o t . $ that the t bet 
i geiseii u^d in rearrangement ss far lower 

i j i up t in nti j i i v »$bm u< 

ited te other $pct the chicken a rabbi which 

both generate diversity using ass extremely restricted set of 
V x genes (40. 41). The chicken uses only one V„ and one 



VX gene, indeed, all othei VX genes in the germHnc of the 
.species sxe pseudogenes, portions of which are subsequently 
ttsedingenecouvctv - ntib 
sky. In the rabbi! , j functioaa \ gene 

is used. This gene (V»l), which is the roost 3' V„ gene, 

erate stsity by a binaries omatfc n 
md geti conversion " T tie gene >nvmi i * epi 
able in hxtmtm the • ?« en« is vet to be cot 
documented (16), 

The majority of the C> V»18/2 clones we sequenced 
bowed Httt . < • s i ~» c ftn*" " > f > 
population of IgM'* 8 cells bearing V„ IS 2 rearrangements 

ly form art * • ive i nun repertoire. Unmuta ted 
V„ IS/ 2 >s al i t , - n \ r , op ch« m h 

* J i!) o It' L re h 

tti" i 1 i ugg hat germlir 

genes capable of fotmi g »atm; - reins toantibodies 
• c eleted from the IgG population of B cells in normal 
individuals. 

Om jesulti 'iti.gge^s ihat a ag - i 
! t , r ' gin feom a preimmut > i 

i mioat ih relative > gene In this regard the em 
able poiyspadfidty of antibodies eticoded by germline V genes 
may be important. A I ttalted numhei oi , 
could i rmth - stt t, - uis\i,i i di ti ^ spe t ireaiis 
after clonal selection (24). 

The recurrent presence of individual germltne V„ genes 
can now be extended from the rest* 1 8 cell pop tad >n 
f the feral repertoii u t. int * % r * tl malignau 
it t «p«ssed\ ; t toir ■! r- ^ ( 1 s. We 
postulate that only a It, :tion >i j atiable germ line V genes 
are used recurrently in the ccpressed jepeHoioi and that poly- 
p freit natutaU trria » v ; 1 ^ 

with CDR3 and somatic mutation compensate for the re- 
striction, to antibody diversity. The mechanisms by which 
preferential use of an individual V„ gene arise remain 
speculative and deserve further isvestigarion. 
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